Background: The optimal schedule of taxane administration has been an area of active interest in several recent clinical trials.
introduction
Non-small-cell lung cancer (NSCLC) remains the leading cause of cancer-related mortality in the USA [1] . In the year 2005, 170 000 new diagnoses will be made and 157 000 deaths from NSCLC will occur [1] . Approximately 30-40% of patients present with stage IIIB or IV disease [2] . While systemic therapy can impact the duration of survival, as well as enhance quality of life (QoL) and symptom control, it does not represent curative therapy. Platinum-based doublet regimens represent the standard of care in this setting [3] ; however, only 30-40% of patients survive beyond 1 year from diagnosis.
Carboplatin combined with paclitaxel is a commonly used regimen and one that has been tested in several randomized phase III trials, which show its activity to be comparable to a number of other platinum-based regimens in advanced NSCLC [4] [5] [6] . This regimen has typically been delivered on a day 1 every 3 weeks schedule in advanced NSCLC. On this schedule, the principal toxicities seen are neutropenia, neuropathy and myalgias/arthralgias. Although classically a microtubular targeted agent, paclitaxel may have anti-angiogenic and proapoptotic properties when delivered on low-dose weekly schedules, making this approach of interest in advanced NSCLC [7, 8] . Belani et al. [9] have reported a randomized phase II trial exploring three different weekly approaches with the combination of carboplatin and paclitaxel. The regimen which administered carboplatin at an area under the concentration curve (AUC) of 6 every 4 weeks and paclitaxel at 100 mg/m 2 on days 1, 8 and 15 yielded a median survival time of 47 weeks and a 1-year survival rate of 47%. Although initially felt to be promising, a recent report of a phase III trial that compared this regimen with standard every 3 weeks carboplatin and paclitaxel failed to show a survival or response benefit of the weekly approach [10] . Prior to knowledge of that phase III experience, we sought to address a pure schedule question with the carboplatin/paclitaxel regimen. We had previously reported no benefit in survival, response rates no QoL for treatment with carboplatin/paclitaxel beyond four cycles [11] . We subsequently designed a trial in which four cycles of carboplatin were delivered every 3 weeks; however, the paclitaxel schedule varied between every 3 weeks or weekly administration achieving the same cumulative dose over four cycles (900 mg/m 2 ). This would allow a pure schedule question to be addressed with this commonly used regimen.
patients and methods

patient selection
Patients were required to have histologic or cytologic proof of stage IIIB/IV NSCLC. In the case of stage IIIB, patients entered were those not eligible for combined modality therapy (malignant pleural and/or pericardial effusions or advanced supraclavicular adenopathy). Patients were required to have measurable disease and could not have received prior chemotherapy. Prior radiotherapy (including whole-brain radiotherapy) was allowed; however, patients had to be at least 1 week from completion of radiotherapy. Patients were also required to have a Karnofsky performance status (PS) of ‡70% and adequate end-organ function defined as an absolute neutrophil count ‡1500/mm 3 , platelets ‡100 000/mm 3 , creatinine £1.6 mg/dl or a calculated creatinine clearance of >30 ml/min, total bilirubin £1.5· the institutional upper normal limits (IUNL), and both aspartate aminotransferase and alanine aminotransferase £2.5· IUNL. All patients were required to participate in the QoL component of the trial and were required to give written informed consent. 
treatment plan and response assessment
Patients were randomized to either arm A or arm B (Figure 1 ). Patients randomized to arm A received four cycles of carboplatin at AUC 6 (using the Calvert equation [12] ) and paclitaxel at 225 mg/m 2 over 3 h every 21 days.
Patients randomized to arm B received four cycles of carboplatin at an AUC 6, but paclitaxel was delivered at 75 mg/m 2 /week for 12 weeks. Patients on both arms were to receive the identical cumulative dose of paclitaxel (900 mg/m 2 ). Standard premedications for paclitaxel were administered and included dexamethasone 20 mg intravenously (i.v.), diphenhydramine 50 mg and ranitidine 50 mg i.v. or cimetidine 300 mg i.v., given 30 min before paclitaxel. On both arms, disease assessments evaluating response to treatment was performed after cycle 2 and following completion of all four cycles. RECIST criteria were used to evaluate response. Toxicity was assessed weekly on both arms.
QoL questionnaires from the Functional Assessment of Chronic Illness Therapy (FACIT) measurement system were administered to patients at baseline (prior to treatment), after cycle 2 (6-week follow-up) and cycle 4 (12-week follow-up). This included a measure of general QoL, the Functional Assessment of Cancer Therapy-General (FACT-G) [13] , a lung cancer symptom scale [14] , a scale measuring the neurotoxic and other side-effects of taxane therapy (TAX) [15] , and a measure of fatigue (FACIT-Fatigue) [16] . Analysis of these four QoL/symptom scales provides a reasonably comprehensive picture of the general and specific QoL impact of the disease and treatment.
statistical design
The trial was a prospective, randomized, multicenter trial. The LCCC Protocol Office was the coordinating center for this trial. The randomization algorithm included PS (Karnofsky 70-80% versus 90-100%), gender and stage (IIIB versus IV) as stratification factors to minimize any imbalance between the two arms of the trial. The maximal procedure [17] was used to randomize patients within each strata. Survival was estimated using the Kaplan-Meier method. Binomial outcomes were compared using Fisher's exact test.
The primary objective of this randomized phase II trial was to estimate the survival in the two treatment arms. The median survival time in each treatment group was expected to be 8 months. Eighty patients per group will allow a 95% confidence interval for the median to be within 1.75 months if the true median survival time is 8 months (assuming exponential survival model). The secondary objectives of this trial were to estimate the response rate and overall QoL on the two arms and to select the better schedule based on the median survival.
results patient demographics Table 1 details the demographics of the patients entered onto this trial. In total, 161 patients were entered from 10 sites. The median age was 61 years (range 42-81) and 67% of the patients were male. Eighty-eight per cent had stage IV NSCLC. It should be noted that 51% of the patients had a Karnofsky PS of 70-80% while 56% had experienced >5% weight loss. Minorities comprised 32% of all patients. Eighty-one and 80 patients were randomized to arm A and arm B, respectively. No significant differences were noted between the two arms regarding baseline patient characteristics, including self-reported QoL. All patients were evaluable for survival, while one patient on each arm did not have response information available.
treatment administration
A total of 247 and 250 cycles of therapy were delivered on arms A and B, respectively. The median number of cycles on both arms was four. The per cent of total carboplatin delivered was 0.99 on both arms. The per cent of paclitaxel delivered was 0.96 and 0.93 on arms A and B, respectively.
toxicity
The rates of the common hematological and non-hematological toxicities associated with carboplatin and paclitaxel on the two arms are shown in Table 2 . Patients on arm B experienced significantly more grade 3/4 thrombocytopenia (15% versus 4% arms B and A, respectively; P < 0.001) and more grade 2-4 anemia (63% versus 40% arms B and A, respectively; P < 0.001). Patients on arm A experienced more severe myalgia/arthralgia (20% versus 5% arms A and B, respectively; P = 0.02) and alopecia (62% and 42% on arms A and B, respectively; P = 0.02). No difference in the rates of peripheral neuropathy between the two arms was noted.
response and survival rates Table 3 shows the response and survival rates for the two arms of the study. There were no differences in the response or stable disease rates between the two arms. The median survival of all patients entered was 7.7 months with a 1-year survival rate of 22%. As this was a randomized phase II trial, no formal comparison of the survival experiences of the two arms was performed. However, the survival experience seemed more favorable for the patients on arm B compared with arm A (median survival time and 1-year survival rates were 6.6 and 8.7 months and 16% and 27% on arms A and B, respectively). The survival curves for both arms are shown in Figure 2 . The survival outcomes were also described for both the good (Karnofsky 90-100%) and poor (Karnofsky 70-80%) PS patients. As is shown in Table 3 , the most notable survival difference was seen in the poor PS patients with much better survival of patients receiving treatment on arm B. Regarding subsequent therapies, 34% and 41% of patients on arms A and B, respectively, received at least second-line therapy.
quality of life
Compliance with the QoL administration schedule was fair, with 80 of 81 patients on arm A and 76 of 80 patients on arm B completing the baseline QoL questionnaires. At 6 weeks, 84% and 87% of eligible patients completed the QoL questionnaires, while 74% and 64% of eligible patients completed them at T3 (12 weeks). Patients were considered to be eligible for QoL questionnaire administration if they were still receiving treatment on study. Sixteen per cent of arm A patients and 12.5% of arm B patients did not complete QoL questionnaires at 6 weeks for reasons of disease progression, withdrawal from the study or death. Comparable percentages at 12 weeks were 38% and 30%. Because only 42% of patients provided complete QoL data at all three assessment points, baseline QoL scores were compared between those who did and who did not complete all QoL assessments. There was a trend for those without complete data to have lower (worse) scores on the TAX subscale (P = 0.05). Baseline values were controlled for in the subsequent QoL analyses. Table 4 contains the general and disease-and treatmentspecific QoL results. In order to utilize all available data and summarize the overall on-study experience, we opted for an approach of averaging the QoL results from the 6-and 12-week assessments, controlling for baseline QoL, then comparing the QoL between arms. Patients in arm A reported significantly more taxane therapy side-effects than arm B on the TAX subscale (P < 0.001). Patients in both arms reported increased fatigue (P values <0.006), but there was no difference in the fatigue experience of arm A versus arm B (P = 0.7). Both study arms reported stable lung cancer symptoms, with no significant within group change (P = 0.13 and P = 0.93) or between group difference evident (P = 0.5). Interestingly, arm A had poorer general QoL on the FACT-G than arm B (P = 0.044). original article
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Although these were not planned comparisons, the QoL analyses were repeated separately for groups with poor (Karnofsky PS 70% or 80%) and good (Karnofsky PS 90% or 100%) baseline PS. The results suggest that the poor PS group may be largely responsible for the significant between-arm findings reported above. Thus, poor PS patients in arm B had significantly fewer taxane-related side-effects (P = 0.046) than poor PS patients assigned to arm A. For the good PS patient group, taxane-related side-effects were no longer significantly lower in arm B, although there was a non-significant trend in that direction (P = 0.06). Similarly, general QoL as measured by the FACT-G did not differ between arms A and B in the good PS group (P = 0.78). However, the poor PS patients on arm B did have significantly better general QoL (P = 0.01) than did patients on arm A. The average post-baseline levels of fatigue and lung cancer symptoms did not differ significantly between the two arms in either the good or poor PS groups (P values from 0.20 to 0.67). discussion Recent ASCO guidelines in advanced NSCLC recommend platinum-based doublet regimens for those patients with a good PS [3] . No one specific platinum-based doublet is recommended. The combination of carboplatin and paclitaxel represents one 'standard care' regimen as it has been tested in several phase III trials [4] [5] [6] . In these trials, response rates using the every 3 weeks schedule have ranged from 17-30% with median survival times and 1-year survival rates of 8-10 months and 30-40%, respectively. Another trial [11] evaluating a duration of therapy question using this regimen suggested that no clinical benefit to therapy beyond four cycles could be demonstrated. This, along with three other trials [18] [19] [20] , lead the ASCO guideline committee to recommend four cycles as a standard in the first-line treatment setting in advanced NSCLC.
The vast majority of phase III trials evaluating carboplatin and paclitaxel have used doses of an AUC of 6 and 225 mg/m 2 over 3 h, respectively. When this trial was initially planned, no randomized data existed in NSCLC addressing the schedule of paclitaxel in combination with carboplatin. To address this issue, this trial was designed as a pure schedule question by dividing the total dose of paclitaxel/cycle into weekly infusion over the course of four cycles while maintaining the every 3 week dosing of carboplatin. As the trial was designed as a randomized phase II, direct comparison of the two arms is not appropriate. However, independent evaluation of each of the arms shows differing toxicity profiles with more hematological toxicity (thrombocytopenia and anemia) but less non-hematological toxicity (myalgia/arthralgia and alopecia) on the weekly arm compared with the every 3 weeks arm. This observation is similar to the findings seen by Belani et al. [10] on the recently reported phase III trial.
Our trial, unlike that of Belani et al. [10] , also included patient-reported evaluation of symptoms, side-effects and general QoL. While the increase in fatigue and the stability of lung cancer symptoms were similar between arms, patients randomized to the every 3 weeks arm reported significantly worse taxane-related side-effects. In a relatively infrequent finding, there was also a significant difference between arms in general QoL, suggesting that taxane side-effects may have had a relatively stronger effect on overall QoL than did fatigue and lung cancer symptoms. This is an interesting possibility that may deserve further evaluation. Certainly one must be cautious in the interpretation of the QoL information, as patients who 'dropped out' due to disease progression or toxicity may lead to an overestimation of the reported results of the QoL for the entire sample.
The overall survival outcomes of patients on this trial were relatively poor even on the control arm of every 3 weeks carboplatin and paclitaxel (median survival time 7.7 months, 1-year survival rate 22%; Table 3 .). This is likely explained by the characteristics of the patients entered onto this trial. As shown in Table 1 , 52% of patients had a poor PS (Karnofsky 70-80%) while 53% had significant weight loss. Also, 32% of patients accrued represented minority populations. Although we did not statistically compare survival outcomes, patients on the weekly arm fared better than patients on the every 3 weeks arm, 
Annals of Oncology original article
particularly those with a poor PS ( Figure 2 and Table 3 ). The optimal management of the poor PS patient with advanced disease remains controversial. Although ASCO guidelines recommend single-agent therapy for this group of patients, Lilenbaum et al. [21] clearly showed a survival benefit with carboplatin and paclitaxel over paclitaxel alone (median survival times and 1-year survival rates of 4.1 and 2.5 months and 18% and 10% respectively; log rank P = 0.019) in a prospectively planned subset analysis of a large phase III trial. The observation in our trial that suggested that the poor PS patients seem to have a superior survival outcome, and potentially better patient-reported taxane toxicity and general QoL, with weekly versus every 3 weeks paclitaxel should be viewed as hypothesis-generating. Given the relatively poor survival outlook and the related importance of quality of life maintenance or improvement for these patients, further trials in the poor PS exploring this issue seem warranted. As previously mentioned, Belani et al. [10] recently reported a randomized phase III trial comparing standard every 3 weeks carboplatin and paclitaxel with the best weekly regimen observed in a prior randomized phase II trial [9] . In the trial design, four cycles of therapy were delivered. There was no difference in response rates or survival times between the two groups. Toxicity patterns reported between the two arms were similar to those seen in our study. Only 12% of patients entered onto the Belani trial were PS 2 and no survival data specific to this group was reported. Both our trial and the Belani trial [10] suggest no clear advantage of the weekly approach compared with the every-3-week administration of carboplatin with paclitaxel. On the other hand, the response and survival outcomes are not inferior with the weekly approach, suggesting that the carboplatin/paclitaxel doublet has flexibility in its schedule without erosion of the efficacy seen with this regimen. This observation is important as with the standard every-3-week regimen. Certain toxicities such as myalgia/arthralgias are often dose-limiting and could be ameliorated by changing to a weekly infusion schedule. There may also be a benefit in the poor PS patient where concerns of toxicity are often a reason for pursuing single-agent therapy rather than platinum-based doublets. Although our results with the weekly approach in the poorer PS group of advanced NSCLC seem intriguing, they must be viewed as speculative until tested prospectively.
Neuropathy has always been a concern with the carboplatin and paclitaxel doublet. In the original phase III trials testing this regimen [4] [5] [6] 11] , rates of grade ‡3 neuropathy ranged from 11% to 17%. These initial trials usually treated for six or more cycles. The neuropathy associated with this regimen is typically cumulative. In an analysis of the duration of therapy trial performed with carboplatin and paclitaxel, 19.9% of patients experienced grade ‡2 neuropathy during the first four cycles of therapy, while 43% of patients experienced grade ‡2 neuropathy by the time they had received eight cycles of therapy. Both this trial and the trial by Belani et al. [10] limited the duration of therapy with this regimen to four cycles and had rates of grade ‡3 neuropathy of 3-6%, which was not statistically different when comparing every 3 weeks versus weekly paclitaxel infusion schedules. These data strongly support the cumulative aspect of neuropathy with this regimen and show that severe neuropathy is uncommon with this regimen when appropriate durations of therapy are used in this patient population. The observation from the QoL aspect of this trial also suggest that even with limiting therapy to four cycles, taxane-related side-effects may influence an individuals QoL.
In conclusion, this randomized phase II trial exploring schedule-related issues with carboplatin/paclitaxel confirms the versatility of this regimen. The weekly schedule is certainly feasible but, like the phase III trial by Belani et al., no clear efficacy advantage of the weekly schedule is evident. There are certainly differences in toxicity profiles between weekly and every 3 weeks carboplatin/paclitaxel. The observations regarding survival in the poor PS patients should be considered hypothesis-generating, but given the toxicity advantages of the weekly approach and the QoL information from this trial, the weekly approach is certainly an acceptable alternative in this population. 
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